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WAR DEPARTMENT
United States Engineer Office
3d Floor, Park Square Bldge
31 Ste James Avenue

Boston 16, lass.
"1

15 WLy 19-?'1‘
Revised October 19LL
Sub jectt Definite Project Report for Nashua, New Hampshire, Local
Protection,
Tot The Chief of Engineers, U. S. Army, Washington, Ds C.,

Through the Division Engineer, New England Division,
Boston, Massachusettss

1. Project Authoritye.~ The project for local protection at
Vashua, New Eampshire, as described herein is proposed as part of the.
comprehensive plan for flood control reservoirs and related flood cone
tol works for the Merrimack River Basin aithorized by the Flood Cone
trol Acts approved 22 June 1935 and 28 June 1938. The Flood Control
Act of 1938 provides that "The project for flood control in the Mer-
rimack River Basin as authorized by the Flood Control Act approved 22
June 1936, is modified to provide, in addition to the construction of
the system of flood control reservoirs, related flood control works
which may be found justified by the Chief of Engineers.”

2« Previous Investigationge~ The investigations and studies
upon which the authorized project for the Merrimack River Basin is
based are described in House Document No. 689, 75th Congress, 3d
Session.

3+ Location and Description of Area Affectede—

& Generale.~- The proposed project is located on the right
banks of the Nashua and Merrimack Rivers at their confluence in the
City of Nashua, New Hampshiree The site is 55 miles above the mouth
of the Merrimack River; 35 miles northwest of Boston, Massachusetts;
32 miles south of Concord, New Hampshire, and 64 miles downstream
and south of the completed Franklin Falls Dam on the Pemigewassett
Rivers The area to be protected consists of approximately 70 acres
that are developed extensively by industrial establishments and
residencess The Industries, which are quite diversified, consist of
a lumber mill and manufacturing plants concermed chiefly in the pro-
duction of cement-asbestos products, textile machinery, refrigerators,
plumbing supplies snd furnitures Nashua is an important junction of
the Boston and Maine Railroad anl the area to be protected by the pro-
posed project includes the main line tracks, the railroad station,
nmany spurs and storage yardse (See Plate U4,)

be Flood Situations- The zreatest flood of record occurred
in March 1936, when the area to be nrotected by the proposed project
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was floeded to depths ranging from 10 to 17 feet and caused total
losses, direct and indirect, of nearly a million dollars. (See
Plate 2.) The second largest flood of record occurred in Sentem-
ber 1938 and again the area was inundated to depths varying from

5 to 8 feets The average annual flood losses for the area have been
commuted to be approximately $20,000 without reservoir control.

c. Related Flood Control Projects.~ The comprehensive
plan for flood control projects and its present status are illustra-
ted on Plate 1. Two reservoirs have been completed: (1) Franklin
Falls, controlling the PemigewassettRiver, the principal tributary
of the Merrimack River; and (2} Blackwater Reservoir on the Black-
water River, a tributary of the Contoocook River. Other pronosed
reservoirs for controlling the Contoocook River are Mountain Brook,
West Feterboro, Bennington and Beards Brook, The effects of these

reservoirs, both existing and proposed, have been considered in deter-
mining grades for the dike to protect the inundated areas in Nashua.
Tocal protection works, consisting of flood walls, dikes, and channel
improvements have also been completed at Fitchburg, Lowell and Haver-
hill, Yassachusetts., Similar local protective measures have been pro-
posed for south Lawrence and Forth Andover, llassachusetts, on the
Shawsheen River, and at west Lawrence on the Merri mack River,

4, Definite Project Plan.-

a., Work Promesed.- The area to be protected and the
location of the prooosed work are shown on Plates 4 and 5, It is
proposed to construct approximately 3100 feet of dike and 230 feet
of concrete wall starting at the Boston and Meine Railroad bridge
which spans the Washua River, extending along the south bank of
the Kashua River and the west bank of the Merrimack River and con-
tinuing to high ground adjoining the railroad yard. A pumping sta-
tion is to be provided for discharging sewage and drainage during
the periods of high river stages. Sewage and drainage interceptors
are necessary for diverting some of the existing flow to the pro-
posed site of the pumping station, 4 waste disposal outfall from
the Johns lanville Company manufacturing plant is to be gated to
prevent backwater.

b. Design Flood.~ The March 1936 fiood, the maximum
flood of record for the Merrimack River, had a peak flow of approxi-
mately 165,000 c.f.s. which greatly exceeded all previous discharges
of record for the lerrimack River at Jashua. The flood of second
magnitude occurred in September 1938 with a nealt discharge of approxi-
mately 120,000 c.f.Se Similar to the design criteria used for other
local protection projects, the maximum flood of record, as reduced
by the comprehensive reservoir system has been selected as the design
flood. Maximun river stages of record and their frequency, both
uncontrolled and as affected by the proposed reservoir system, are
shown on Plates 8 and 9 with the grade established for the top of
the earth dike and concrete wall, Trese grades are summarized as
follows?




Maximum recorded stage of 1936 flood 127.5 (fteabove MeSils)
Maximum computed stage of 1936 flood

reduced by reservoirs 116.4 (fteabove MeS.L.)
Elevation of top of proposed dike 120.0 (fteabove MeS.L,)
Freeboard 3.6 fto ‘

It is believed that this freeboard is sufficient allowance for (1)

wave action, (2) degree of accuracy in reach~routing from the headwater
tributaries to Nachua, and (3) to provide effective protection for

the design flood until such time as the comprehensive reservoir

system is completed.

Pe Hydrologzye.~ A hydrological study has been made of the drain-
age area that would be affected by the construction of the proposed
dikese This area is controlled by the existing combination sewerage
and dralnage system that sorves 615 acres of the developed section of
Nashuae @ oe Plates 3 and 7.) The principal outfalls from this
system discharge into the Merrimack River and are located nenr the
East Hollis Street Bridge and at the end of Crown Strecet. The main
trunk sewer is an oval-shaped brick conduit, Si~inches in height,
which extends 8,000 fect along EZast Hollis Strecte Several overflow
outlets discharging direct to the Nashua River are installed to in~
croase the discharge capacity of the sowerage systeme The sewers,
including these overflow outlets, can discharse a totol of approxi-
mately 200 ceof.s. vhich is adequate for a storm of less than a two-
year frequency, based on storm run—off calculationse The computed
discharge capacity of the outfalls in the immediante area to be
affected by the proposed construction is 120 cefese It is proposed
to intercept the flow from the different outfalls and pipe the flow
to the site of the proposed pumping station adjacent to the East
Hollis Street Bridges Pumps will be provided +ith sufficient capa-
city to pump the maximum inflow agoinst a head produced by the peak
flood stagce The complete hydrological analysis of the drainage
basin is included in Appeondix "A",

6. Engincering Designe-

Qe Surveyse~ A topogrophical survey has been made of
the perimetor area to determine the design and the required scope
of the pronosed dikes and flood wallse Detailed information was
obtained nlso on all sewer and drain outfalls céischarging within |
the limits of this survey. Several years ago a preliminary inves-—
tigation of the site was nade, utilizing an enlarged acrial photo~
groaph as a plane-table sheet to obtain topography and sewer outlets
for the portions of the city bordering on the Nashua and Merrimack
Riverse The locations of buildings, railroads, streets and wooded
areas were traced from the enlarged serial photographse The drain-
age area data apolicable to the project, including completc informe~
tion relative to the existing seworage and droinage system woere ob-
tained in the Engineering Department at the Nashua City Hall with
the cooperation of the City Enginecre

-3~



b. Foundation Exploratjonsi~ The foundation areas of
the proposed dikes and retaining walls were explored by two drill
holes, two auger borings and one test trench; Overburden exposures
were inspected and local residents questioned regarding soil cone
ditions. The locations and logs of explorations are shown on
Plates 5 and 6., The banks of the Nashua and Merrimack Rivers on
which the dike and wall are located, are approximately 18 feet
above the normal river level., The faces of the. river. banks have a
slope varying between 1 on 1 and 1 on 2., Rubbish, ashes, and _
miscellaneous fill have been dumped over limited areas on the faces
of the river banks to a depth probably not exceeding 5 feet measured
perpendicular to the slope. The ground surface at the top of the
river banks slopes away from the river, The area upon which the
dike is located and the area protected by the dike consists of a
glacial fluvial deposit of sands and gravels to undetermined depths
believed to be greater than 100 feet. The south end of the earth
dike abuts into an old fill consisting largely of ashes. Bedrock
outcrops are visible on the east side of the Merrimack River at
the gbutment of the Fast Hollis Street Bridge., The coefficients
of permeability of the natural deposits as determined by tests upon
remoulded samples vary generally between 10~ and 10“6 cm. per sec,
with thin lenses and strata ordinarily at depths greater than 15
feet below the dike foundation whose coefficients of permeadility
are 10-3 cm, per sec,

¢« Description of Dikes and Walls.- The protective
structures, shown on Plates 5 and 6, consist of approximately 3100
linear feet of earti dike and approximately 230 feet of concrete A
wall, The dike and wall will start at the Boston and Maine Rail-
road bridge which spans the Hashua River, will extend easterly
along the top of the natural bark of the Nashua River to the Merri-
mack River, and continue southerly along the west bank of the Merri-
mack River to high ground just south of Crown Street, 4 low dike
will extend from the southern end of this high ground westerly to
the Boston and Xaine Railroad tracks. The dike will consist of a
compacted impervious fill, with a top width of 10 feet, a 1 on 2
slope on the land side and a 1 on 2-1/2 slope on the river side.
The entire dike will be covered with 5-inches of seeded topsoil.
A sand and gravel filter will be constructed at the toe of the
slope on the land side for protection against seepages; The height
of the dike with top at elevation 120 averages about 6 to 8 feet with
a maximum height of approximately 1U feet, Due to space limitations
adjacent to a storage warehouse along the bank of the Nashua River,
it is proposed to construct a concrete wall with a foundation and
cut-off of steel sheet piling, A removable bulkhead which can be
stored in the nearby pumping station will be provided for damming
the East Hollis Street approach to the Merrimack River bridge during
flood stages. The earth dike will be terminated by concrete re-
taining walls on both sides of East Hollis Street, The low dike on
the south end of the site will be approximately 400 feet long and
approximately 3 feet high, Although this dike is not required for
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the deeign flood, it will provide protection for fleod stages up to
Elevation 120,0 vhich is comparable with other sections of the pro-
Jecte It will be necessary also under this extreme flood staze
condition to construct a small sand-bag dike across the railroad
tracks for complete protection,

ds Sewerase and Drainage Interceptorse— It is planned
to intercept the discharge from the various outfalls and catchbasing
(see Paragraph 5) and pipe the flow to the proposed pumping station
near East Hollis Street Bridge. These interceptors and outfall in-
volve the installation of approximately 1,130 feet of 8~ineh tile
drain, 270 feet of 12-inch pipe, 530 feet of 15-inch pipe, 690 feet
of 36~inch pipe, 190 feet of SM-inch pipe, 2 catchbasing and & man~
holes or junctlon chambers, The interceptors will be laid on a
minimum slope of 0,009 to mrovide adequate velocity for the normal
daily seware dischargee This slope also will insure full utiliza~
tion of the pipe capacity durine neriods of storm runoff.

8« Pumping Station.~ The locations of the existine sewer
outfalls control the selection of the most adventageous site for
the pumping stations The areas adjacent to the outfalls at Fast
Hollis Street amd Crown Street are both satisfactory locations for
the pumping station, The selected site near Fast Hollis Street,
however, allows the use of a 36~inch interceptor instead of a Hl~
inch which would have to be specified if the pumping station were
located at the end of Crown Street, A diagrammatic and floor plan
layout of the pumping station is shown on Plate 6, All the sewage
and drainage from the area, with the exception of that which is di-
verted by overflow outlets, will discharge by gravity through a
conduit in the pumping station to the Si-inch outfall, During
flood stages the discharge through the rravity conduit will be
diverted throush the pumying statiom by means of control gates, and
the sewage end drainage will be pumped against the head produced
by the flood stagee A 2l-inch return line controlled by a gate
valve operated from the pump room fleor will be installed to permit
the use of constant speed electric motor-driven pumpse The pumping
station will be constructed as part of the dike to reduce the angle
of flow in the Bi-inch interceptore

f. Pumpse~ The characteristics and cost of various
types of pumps have been considered and studied in order to satis-
fy the pumping requirements outlined in Paracraph 9 of Appendix "A",
It is desirable to install pumps with a wide range of operating
flexibility to meet the anticipated variable inflows from sewage
and. drainage vhich may range from 2 or 3 cefese to 120 cefes., the
capacity of the sewerage system snd proposed catchbasins. As a
result of this study, it is preposed to vnrovide pumps of the fol-
lowl ng capacity and powver units:

1 - 10 cefese non~clogging Centrifugal Pump with
dugl electric motor and gasoline erngine drivee

2 = 55 cefese fixed blade propeller pumps with con-
stant speed-electric motorse
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Electric motors are selected in lieu of sasoline engines due to the
reduced initial cost of the equipment instsllation and the availee
bility of electric power adjacent to the site. The 24=ineh return
line described in parasraph 63 will permit flexibility in operation
by the use of constant speed electric motors. This procedure will,
undoubtedly, sacrifice some of the pump efficiency, dbut, because of
the infrequent use of the pumps, it is believed that flexibility of
operation to satisfy the many possible conditions of sewaze and.
storm run-off is a more essential criteria then pump efficiency and
economy of operation. Consideration has been given to the possibi-
1lity of using adjustable blade propeller numps and to variable speed
ronge in pumplng capacity but it was concluded that due to greater
cost, and the additional mechanism to be maintained in operating
condition by the municipality, these types were not warranteds The
local power company has consented to waive the usual stand-by charge
based on the rated capacity of electric motorses. A nominal monthly
demand charge plus charge for actual power usage will be in effect,
The resulting annual operating costs of electric motor driven pumps
vill be practically the same as for costs of gasoline operated pumpse.
The total annual cost of project including amortization is less by
using electrically operated pumpse It has been determined that
electric power at thisg location is very reliable but to allow for
the remote possibility of electric power fallure, the 10 cefasae .
centrifugal pump which has sufficient capacity to handle the run=-
off from a small rainfall in additlon to the sanitary sewage will
have an auxiliary gasoline engine power unit.

Te Cost Estimates- The estimated cost of the project for
vhich Federal funds are required is summarized as follows?

Dikes and Concrete WallsS o o o o o o o o o o $ 56,900
Sewer Interceptors o+ « . .,2006%
Pumping Station e @ o o 9 o o+ 0 o o 0 v s @ 95'0000
Control Mamhole o o o o ¢ o o ¢ o » o o o & 500,

[ ]
L ]
L
.
L]
.
.
.
[ 2
.

$173,600,
Engineering, Insnection, Overhead and

Contingencies (25%) ¢ o v & + . 42 4004
Totel Estimated Cost to Federal Government . $217,000.

*Full cost of interceptors is allocated to the Federal

Government, inasmuch as these proposed interceptors
eliminate the construction of another pumping station.

(For detailed analysis of Cost Estimate, see Apnendix "B')

8¢ 3Benefits of Projecte—

ae iethods of Analysigse~ Reference is made to Section
3", Data for Economic Justification,” in "Appendix to Accompany
Survey Heport for Navigation, Flood Control, and Water Power, Mer-
rimack River, lMassachusetts and New Hamnshire," submitted by this
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office, dated 1 April 1940, Section "B describes in detail the

methods used in the economic analysis of flood control reservoirs
based on direct and indirect flood lossese The same method applies
to the economic analysis of local protection projects.

b. Determination of Benofitse- The proposed local flood
protection works will supplement the effectiveness of flood protec-
tion provided at the damage cemters by the upstream reservoirs and
will increase the total benefits accruing to the comprehensive flood
control programe The additional benefits resulting from the local
protectlion projects have been evaluated and totalled with the bene—
fits secured from the balance of the comprehensive flood control
program to determine the economic justification for the proposed
worke The proposed dikes and walls have been found to provide the
most economical means of supplemental flood protection for the City
of Nashuae In addition to providing nrotection from floods, it is
believed that the proposed project will be very beneficial to the
general welfare of the community by promoting development of the
low areas and enhancing property valuese The costs and benefits
involved in the comprehensive flood control program are summarized
in the following tabulation:

Summery of Benefits and Costs

(1) Construction Costse—

(a) Local protection projects?
Nashua 2 6 & ¢ s o o o ¢ .$ 217.000;
Other Projects™ « o « « « o« 1,091,150,

(b) Tlood Control Reservoirg¥™ 16,987,000

Total Construction Costs . +$18,295,1504

(2) Annual Carrying Charges.-
(a) Tocal protection projects:
Nashua I o$ 10,2”0.
Qther projects® « o« « + . . 53,5106

(b) TFlood Control Reservoirs** . 738,970

Total Annual Carrying Charges $ 852,720,

(3) Total Annual Benefit se—

Baged on comprehensive flood con-
trol'program, including reser=
voirs and local protection . v ood 1,060,500o
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(4) Ratio of Annual Benefits to
Innuel Carrying Charses o o « o « le2h

* Includes completed locel protection project at

Lowell and proposed projects at North Andover
and Lawrence, Massachusettse

*¥ Includes completed reservoirs at Franklin Falls
and Blackwater, and proposed reservoirs at Benw
nington, Beards Brook, West Peterboro and Moun-
tain Brooke

90 LQCQ ngmratign.-

ae Views of Local Interestse~ The proposed project has
been discussed with the officials of Naghua in order to determine
the local interest of the affected communitye. Al1 officials, in-
cluding the Mayor, City Engineer, and members of the City Council
indicated their concern over the effect of the past floods, and em-
phasized their desire and approval of the proposed project to eli-
minate further flood damagee

be Extent of Jocal Cooperation Requirede~ In accordance
with Section 3 of the Flood Control Act, approved 22 June 1936, the
local municipality vi1ll be required to furnish all lands, easements,
and rights-of-way necessary for the construction of the projecte
The estimated cost to the City of Nashua for these items is approxi-
mately $2,500,

ce Assurance of local Cooperatione- The City of Nashua
by official action of the City Council and the Mayor on 16 June 19u4
have furnished the necessary assurance that the City will: (1)
furnish, without cost to the United States, all lands, easements and
rights-of =way necessary for the proJjects (2) nold and save the United
States free from all claims for damage due to the work; and (3) main-
taln and operate the project without expense to the United States,
in accordance with regulations prescribed by the Secretary of Yar,
A photostat copy of the resolution adopted by the City of Nashua is
attached as Appendix "DI".

10s Time BRequired for Constructione~ It is estimated that the
proposed project can be completed in one constructlon season.

11. Recommendatione-~ It is recommended that the local flood
protection works proposed herein, at an estimated cost to the United
States of $217,000, be selected as a definite project to supplement
the comprehensive plan for reservoirs and related flood control works
for the Merrimack River Basin as asuthorized by the Flood Control
Acts of 19365 and 1938,

HOMER Be PETTIT

Colonel, Corps of Engineers
District Engineer
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APPEYDIX "AM

HYDROLOGY OF THE DRAIINAGE BASIN

1. Drainage Area.- Six drninage and sewerage outfalls dis-
charge into the Nashua and lMerrimack Rivers from the immediate area
affected by the construction of the nroposed dikes, The drainage
area, served by the drainage and sewerage system, is shown on Plates
3 and 7. The area consists of a lons narrow basin, approximately
2 miles in length and the width varving from 1500 to 3000 feet, The
total area is approximately 615 acres, or nearly one square mile,

The area extends through the industrial and business sections of the
city, with the outlying portions including residential developments,
as may be seen on the merial photograph (Plate o, 3). In the longi-
tudinal direction (West to East), the basin slopes gradually towards
the lierrimack River with an average slope of about 6 feet per 1000
feetv The grade is variable but anproximately level in the trans-
verse direction (llorth-South). In some places the topography slopes
towards the Nashua River and in other locations, the ground pitches
towards East Hollis Street where the trunk sewer is installed, ZExcept
for the low area lying in the angle of the confluence of the two
rivers, most of the drainage area is at elevations well above flood
stages,

2, Existing Sewerage and Drainage.~ The drainage area is
served by a combination sanitary and storm sewer. The trunk sewer,
an oval-shaped brick conduit SU—-inches in height and 11,2 square
feet in cross-sectional area, extends along East Hollis Street from
Pine Street for a distance of 8000 feet and discharges into the Merri-
mack River at a point adjacent to the EFast Hollis Street Bridge,
Snaller sewers serve the many side streets but all eventually dis-
charge into the SU~inch sewer, The purpose of the long trunk sewer
to the Merrimack River was to minimize insofar as possidble the dis-
charge of sanitary sewage into the Nashua River., Subsequent to the
construction of the Sl—-inch sewer in 1885, the development of the
city made it necessary to construct overflow outlets to the Nashua
River to relieve the pressure on the main sewer during periods of
intense rainfall, The principal overflow is a 36~inch pipe located
in Walnut Street (Plate 7), which reduces the possibility of a sur-
charge hend on the upper portion of the basin, In the lower portion
of the basin, a 30-inch overflow is installed in Denton Street (Plate
5) to divert some of the flow in the Si—inch sewer to a Y2-inch out-
fall in Crown Streety, 4 15-inch sewer in Temple Street, extending
3500 feet to the East Hollis Street sewer, evidently proved to be
inadequate, for three more overflows have been installed to discharge
from the Temple Street sewer directly into the Nashua River, These
three outlets, however, do not have any direct effect on the main
trunk sewer, The grades of all the overflows are sufficiently high
to make it impossible for water to back into the sewerage system
during flood stages. The computed capacity of the sewer outlets,
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based on size, slope, and an "a" value of 0.015 in Kutter's formula,
are as follows:

Location Size of Outlet Capacity
East Hollis Street sLH 80 c.fese
East Hollis Street 12" 2 cof.s,
Bridge Street 1g" 6 cofese
Crown Street yon 60 cCefes,
Crown Street 10" 2 cefoate
Walnut Street (overflow from 54*) 36" 30 cofe8e
Temple Street (overflows) 30" 25 CofoeSe
Temple Street (overflows) au" 15 cofese
Temple Street (overflews) 18" 6 cof.s,
Gregg Mill Drain - 2 cofese

Although the arithmetical total capacity of these outlets is 228 cofeS.,
the discharge in the 42-inch sewer in Crown Street is limited by the
30-inch pive in Denton and Crown Streets which is computed to be
aporoximately 25 c.f.s, Based on the foregoing computations, the

total discharge capacity from the sewerage system serving the drainage
area of 615 acres is approximately 200 c.f.s,, including the overflows
to the Nashua River,

3, Industrial Waste.~ A 24-inch diameter pipe discharges in-
dustrial waste from the plant of the Johns-Manville Company to the
Nashua River, as indicated on the plan (Plate 5), This waste formerly
was discharged into the City sewerage system and emptied into the
Merrimack River, However, dus to the high content of cement and
asbestos in the waste that deposited within the sewers and caused
high cost of maintenance, this method of disposal was stopped end the
2U~inch pipe installed to discharge the waste to the nearby Nashua
River, Considerable maintenance is required to remove the deposit
from this line and the large size drain was installed principally to
facilitate cleaning., It is estimnted the maximum rate of discharge
from this plant is about 045 c,f.s,

4, Storm Rainfall.« The rainfall intensity data prepared by
David L, Yarnell,and published in the United States Department of
Agriculture publication No. 204,were used for this study as there
are no rainfall records for Nashua suitable for use as maximum pre-
cipitation rates for storms of comparatively short duration, Due
to the narrowness and the length of this drainage basin, rainfall
rates were used for 15, 30 and Y5 minute durations for various
frequencies in years in order to determine the condition producing
the maximum run~off, The areas contributing to the run~off from
the different rainfall intensities were based on the estimated
times of concentration. This time for each area was approximated
by estimating the average velocity of the flow from the perimeter
of the area to the trunk sewer in West Hollis Street and using
the computed velocity of flow from the assumed point of discharge
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into the Al—inch sewer to the outfall at the Merrimack River., The
mean slope of this sewer (0,006) is quite steep for its size, and
the velocity of flow when discharging half full or more is nearly

8 feet per second, Consequently the time of concentration for the
entire area of 615 acres is estimated to be only 45 minutes. The
values of rainfall for this period were interpolated from the 30

and 60 minute curves in Yarnell's publication, The effective drain-
age areas apnlicable to the 15 and 30 minute periods of concentration
were computed to be 140 and 450 acres respectively., The rainfall
volues used for the determination of the storm run~off are tabulated
in the following paragraph,

5« Storm Run-off.~ The storm run-off was based on the Rational
Formuila @ = C I A, in which

Q = Run-off in cef.s.

C = Coefficient dependent on the soil conditions
and characteristics of the topography and
represents the ratio of the rate of run-off
to the rate of rainfall,

I = The maximum average intensity of rainfall
over the entire drainare area in inches
per hour which may occur during the time
of concentration,

A = Drainage aren in acres,

Consideration was given to other methods of computing surface run-
off such as the Burkli-Ziegler Formula and the synthetic unit hydro-
graph, but because of the size and characteristics of the drainage
area and the lack of discharge date from the existing system, it is
believed that the Rotional Method is the most vpractical., The values
of "C" were estimated fronm an evaluation of the type, slope, relative
imperviousness of the different surfaces, and the areas of natural
surface stornges It should be noted that although rather high co-
efficient values are ordinarily applied to the run-off from indivi-
dual buildings and paved n~reas, the value of "C" ag utilized in
computing run-off from areas of this nagnitude renresents an
estimated average ratio of the dischorge rate as accumulated in

the sewerage system to the rainfall intensity, Consequently, the
arount of run-off which actually flows overland and discharges into
the trunk sewer is devendent on the extent of the overland flow, the
amount of surface storage, seepage, and whether the catchbasin inlets
are properly locoted to intercept the surface run-off. The estimated
volues of "C" for the various types of development are as follows!

Densely developed business blocks  .0.UO
Industrial areas 0.35
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Densely developed residential areas 0.30

Suburban residential areas 0.20
Cemetery 0.15
Wooded and undeveloped areas 0.10

The average values of "C' were determined by prorating the above
coefficients to each section of the area as applicable based on a
study of enlarged aerial photographs, The theoretical amount of
storm run-off was computed from the preceding data, as follows:

Fifteen (15) minute concentration effective drainage area =
140 acres, average "C" = 0,26,

Frequency Roinfall Run—off
2 years 2.7 inches mer hour 98 c,f.s.
5 years 345 inches per hour 127 cefeBe

10 years 4.0 inches per hour 146 co.f.s.

25 years 5.0 inches per hour 182 c.f.5,

Thirty (30) minute concentration effective drainage area =
450 acres, average "C" = 0,30,

Frequency Rainfall Run-off
2 years 1.8 inches per hour 243 cofeSe
5 years 2.4 inches per hour 324 cofese

10 years 2,8 inches per hour 378 c.fes.

25 years 3.6 inches per hour 486 cofeSe

Forty-five (hS) minute concentration total drainage area =
615 acres, average "C" = 0.29.

Frequency Rainfall Run-off
2 years 1.4 inches per hour 250 cofe8e
5 years 1.8 inches per hour 321 c.f.s,.

10 years 242 inches per hour 393 cefese

25 years 248 inches mer hour 500 c.f.8,

It is obvious that in respect to design considerations, the run~
offs computed for the 30 and 45 minute concentrations are practically
identical, The existing sewerage system is adequate for a storm with
a frequency of less than 2 years, based on the foregoing computations
and using the computed outlet discharge capacity of approximately 200
Cefese  Storms of greater intensity will ¢and to produce a surcharged
severage system with pondage beginning to collect at low points,

6. Sanitarv Sewage Flow.~ The maximum rate of sewage flow
from the entire area was based on the following data and &ischarge
assumptions?
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as Population = 15,000 (Based on census records for wards.)
be Daily Discharge = 100 gallons per capita _
¢+ Load Factor (Ratio of maximum to average flow) = 3,

The average sanitary sewage flow based on these assumptions was
computed to be 1s7 Cefsse with a maximum rate of flow of about 5.2
Cefese

7+ Seepage«~ It is estimated that the rate of seepage will
be about 040001 cefese per linear foot per 10 feet of head, based
on the subsurface exploration at the site and an analysis of the
material encountereds The total rate of seepage for the entire
length +ill be gpproximately 0e25 cefess Toe drains are proposed
for the higher sections of the dike but are believed unnecessary
for the lower sections due to the small amount of seepage.

8+ Capacity of Proposed Interceptorse~ It is planned to

intercept the dralnage from the Greggz ¥ills and the Crown Street
"utlets and pipe the sewage snd storm run-off to the proposed pump-
ins station near the East Hollis Street Bridgee The 15-inch inter-
ceptor from the yard drainage for the Gregg Mills will have a dig-
charge capacity of 2 cef.se which is ademate for the drainage area
that it servess It is proposed to provide a 36=inch pipe to inter-
cept the flow in the 42-inch sewer in Crown Street since the flow
in the 42~inch pipe is limited by the capacity of the 30-inch sewer
that discharges into the 42-inch sewer (see paragraph 2, Appendix
"AM,) Tracing back sti1l further, it is to be noted that except
for the flow in the 18-inch sewer in Arlington Street and an 18-
inch sewer through the yard of the Gregs Mills, the major portion
of the flow must come from the Sh-inch Bast Hollis Street trunk
sewer through the ~inch overflow in Denton Street. Consequently,
it is concluded that the Y2-inch pipe is larger than necessary and
that a 36-inch interceptor is adequate to intercept all flow in the
U2-inch outfall plus 1.5 cef.se from the proposed catchbasin, The
location and proposed grades for these intercesptors are shown on
Plate 5e

9 Pumpins Reqirement se~ The design pumping capacity is
controlled by the discharse capacity of the existing sewerage
system and the proposed interceptorse It is estimated that the
naximum rate of inflow to the pumpin: station will be 120 cefese,
based on the computed rates of discharge and the practical limi-
tations of the flow in the Crown Street L2~inch sewer. This rate
is obtained as follows:

Location . Size Discharge

Zast Hollis Street Rl 80 Cefese
Tast Hollis Street 12t 2 cefese
Bridge Street 18" 6 cefese
Crown Street Lo 25 Cefose
Crowvn Street 12" 2 cefsse
Gregg Mills Drain 15" 2 coefrsn
2 proposed catchbasing 121 T cafesSe
120 cefuse
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It 1s expected thot numning will e required apnroximately once
ever: five (5) vears from & “requency gtudy of the discharges on
ho Merrinack River at Yashua (Plate e This expectancy is based
on the assumption thrt maming will be necessary when the river
stage rises to Zlev-tion 105, or aproximately 4 to 5 feet below
the lowest sround srade. The synearonization of flood stages and
high intensity rainfall at Taskrus s possible but very improbable,
411 of the major flo ds in the bacin orisinate in the meuntainous
watersheds in the north nortion of the drainaze basin, due to the
aydraunlic characteristics of the Merrimack River, It has been de-—-
termined from ralnfall and dischorze records that the arrival of
the flood crest at Yaghua follcws the center of the flood~producine
storm by apnroximately 48 hours, Hence, the flecol peaks usually
ocenr at Nashua during the clear weather that ordinarily fellows
the flood-nroducins storms, Durinr this condition of high river
stage, it will be necessarr to pump only the sanitary sewage flow.
It is preposed to nrovide one nor~cleaging centrifugal pump with a
capacity of 10 cefess, vhich ic ademate “or all sanitary seware
anc. small rainfall oceurring <irmltaneously +ith the flood st age.
Tw larse pumps 111 be included for the nost adverse possible
confition Pespite the Improbabllity of its occurrence; that is, 2
storm of sufficient intensity to vrouce naximum flow in the SOW-
erare syetem similtoneosts with the crest o7 the floode Thece two
pums will have ~ capacity of 55 ¢o .. each against a head of the
naxirom river stage which will be aprroximately 25 feet, The total
numping canacity 111 Se 170 Cefscy, virich is the computed d schar e
canacity of tre inflowins sewers and nronosed catchbasins. Ix-
rressed in terms of inches 0° run—of f mer hour from the entire
drainare arca of £1F acres, the canacities of the sewers and pUnps
are as follows:

Inches
Cefese Per Hour
Entire ~ewerace system, incla -
inz all overflows 200 0e33
Total pumpine canacity 120 + 20

"It is believed unnecessary to nrovide vummins capacity in excess
of the computed capacity of inflowine “ewers to the stations As
oreviocusly stated, the probability of erneironized occurrence of
severe rainf o1l and hi~h fleood stare ia verw remote; 1t ig, there-
fore, velieved further that suf ficient insirance exists in the
event of Iailure of one pumin~ wnit. If one 75 Cefese DUmp
should fail, ‘he remainin- capacity wonls e AR cefese 0T o1l
inches per hor over entire 15 acres. :
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10. Discussion.~ Consideration has been given to the
desirability of decreasing the pumping requirements by diverting
more of the flow from the 615 acre drainage area before it arrives
in the low section where diversion is impossible. According to
the City Engineer, with whom this subject was discussed, additional
outlets have been contemplated by the City., Their plan is to in-
stall another outlet similar to the Walnut Street 36-inch overflow,
but to flow south to Harbor Pond and Salmon Brook (Plate 7)., An
alternate to this scheme would be to construct an outlet at Spruce
Street and discharge northerly to the Nashua River. This method
has been investigated to determine the effect on the pumping
capacities if all the sewage and storm run-off were diverted during
periods of high river stages occurring simultaneously with a high
intensity rainfall, Commlete diversion during this condition would
involve the construction of an underground chamber for the gate
control of the respective outlets, However, the sewage and storm
run-off still would have to be pummed from an area of 2U5 acres
east of Spruce Street, The design run-off from this area, computed
similarly to the tabulations in paragraph 5, Appendix "A", would
be sufficient to fill the sewerage system and there would not be
any acvantage.in reducing the numping requirements. The storm run~
off computations indicate that such a diversion is very desirable to
relieve surcharge on the Sh-inch trunk sewer, but it is concluded
that such construction, if undertaken, would be by and at the ex-
pense of the City of Fashua instead of the Government,
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Dikes and Wall:
Stripping
Excavation

Compacted Impervious Fill

Backfill

Sand and Gravel
Topsoll

Seeding
Concrete

Steel Reinforcing
Steel Sheet Pilings

Riprap
Bulkhead

Cost of Dikes and Wall + o

Sewer Interceptors:
8" Vitrified Clay Drain

12" Sewer
15" Sewer
36" Sewer
54" Sewer

Outfall Headwall, etcs, for

54" Seyer
Manholes
Manholes
Manholes
Catchbasins

APPENDIX "B

COST ESTIMAIE

tity Unit Unit Cost

3,600 CoTe
1,600 C,Y,
17,100 C,Y,
100 C,Y.
2,750 C.Y,
2,070 Ce¥s
2e6 Acre
220 Co¥.
13,500 Lbe
3,120 SoFo
?_20 SoYo
1,5

1,10 Fto
270 T,
530  Ft,
590 T4,
190 Ft,

LOS'
3 Each
4L Bach
1 3Each
2 Zach

Cost of Sewer Interceptors « o o o

Pumpineg Stations:

(.TILifi._*___.—.

a ast Hollis Street Stationt
Stru.cture-ooo‘-noouoooo

s * L] . . . L] L] i d L]

(b) Control Manhole for Industrial Waste

Subtotal ® 8 o v 0 0 8 5 0 s s e s e e s e

Cost
$ 0450 $ 1,800
0460 1,100.
1.25 21,400,
0.%0 100,
1,75 4,800,
2¢ TH 500
375400 1,000,
25.00 5,500
0.0Y 900.
2,00 6,200,
5¢00 1,100,
712500,

o.too-oouo!oo$56'9000

$ 0,75 $ 850,
2.9 675
3420 1,700,
1250 8,625
30,00 5,700
1,500,
150,00 450,
250 400 1,000,
400,00 400,
150,00 700,

3 [ [ [ [ .:5 21’200.

. $55,000,.
40,000,

Engineering, Inspection, Overhead and Contingencies,

Totalcost......-..............

- Bl -

.. 500s5 95,500,

e o v s s «$173,600.
(25%) & o o__ 43,400,
? e o o o 0321‘|OOO!



APPENDIX "C"

TABLE OF COSTS AND ANMIUAL CHARGES

I. Federal Investment:

A, Constructlon Cogts of Structureg (% year life)
o0 interest charge for construction period of

one year or 18380) S 6 6 0 s 0 0 0 0 2 v s e o $1‘:7,000.
Be Zouipment Costs (30 year 11fe) o o o o » o o o o $ 50,0004
Cs Total Federal Investment « o » s ¢« o ¢ o o o o » 3212!OOOE

De Annual Federal Carrying Charges:

1. 3% Interest o s o o o« o o o ¢ o o o 369510°
24  Amortization, Structures (0.336%) . 1,U80,.
3.  Amortization, Equipment (2,102%) . 1,050
4e Total Federal Carrying Charges « « « e-o » o S 9,040,

II. YNon-Federal Investment:

AQ Land and Easements ® 0 ¢ o o % o 8 o s 6 & s o $ Z!QOO.

By Annual Non-TFederal Carrying Charges?

1. u% Interest ® ¢ & 8 6 o o @ o & o o $ 100.-
2¢ Anmual Cost of liaintenance and

Opera'tion [ ] L ] [ ] [ ] L] L] L] . L] L] [ ] L] 1’100.
3¢ Total Non-Federal Carrying Charges o o o o o 3 1,200

IIl, Total Annual Carrying Charges e « o o o « o« o o o $ 10,2404

- 01 -
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AFT 7DIX WDH
RESOLUTION

PERTAINING TO A PROPOSED PLOOD CONTROL PROJECT IN

THE CITY OF MASHUA BY THE UNITED STATES OOVERNMEN T

UNDER THE DIRECTION OP THE SECRETARY OF WAR AND -
SUPERVISION OF THE CHIEP OF ENGINEERS. *

CITY OF NASHUA

In the Year of Our Lord One Thousand Nine Hundred and
forty=four, -

RRSOLVED, By the Board of Alderssn of the .
City of Nashua o

Whereas, under the authority of Flood Control Act of 1938,
approved bz the President on June 28, 1938, which provides in
part that "in addition to the construc tion of a system of flood
control reservoirs, relatsd flood control works which may be
found justifted by the Chief of Engineers®™, funds have been
allotted by the Federal (Joverrmsnt for the preparation of defie-
nite project plans for flood protection in the City of Nashus,
State of New Hampshire:

6-(VOEEVE 40 1510)6°008 8K

v

Whereas, Section 3 of the Flood Control Act approved June 22,'
1936, provides that "no money =-= shall be expended on the con=- !
struction of any project until --- responsible loocal agencies '
have given assurances satisfactory to the Secretary of War that i
they will, (a) provide without cost to the United States all lands,
essements, and rights-of-way necessary for the construction of
the project, =~~~ (b) hold and save the United States free from |
damages due to the construction works, (o) maintein and operste
all the works after campletion in accordance with regulations :
prescribed by the Seoretary of Wari---"3 {

t

Whereas, the proposed improvements &t Nashua, New Hampshirs,'

will be prosecuted under the direction of the Secretary of War and'
supervision of the Chief of Engineers, and .

Whereas, the plans for the proposed improvements will be
for the beneflt principally of the inhabitants of Nashua, New !
Hampshire, )

, THEREPORE, BE IT RESOLVED, that upon approval of the

Chief of Engineers of the definite project plans snd the allotment
of funds for the proposed works of improvement, the City of Nashus|
will, (a) furnish without cost to the United States all lands,
easements, and rights-of-way necessary for sald works. The lands,
easemants, and rights-of=way which saild City of Nashua shall
furnish shall include those needed for the sites of structures,
for spoil disposal areas, for access roads, and all other rights
in, upon, through or over private property which are needed by [
the United States in conmection with the work of improvement,
Maps showing the lands, easements, or rights-of-way needed for !
the aforesald work will be obtained by the City of Nashua from the,
Unites States., Detailed property surveys and title searchas nec- :
essary to acquire the land or interesta therein will be performed '
by the City; (b) that the Mayor of the City of Naeshus, New Hamp-
shire, be and hereby is authorised to execute, soknowledge, and 1
deliver, for and on behalf of the City of Neshua, to ths United !
States any and all instruments which may be required by the United,
States in order to prosecute the proposed work of improvement, {
and to authorise and pamit the sald United States to act for and |
on behalf of the City of Nashua, New Hampshire, under sny esse-
ments, grants or rights-of-way that have been obtained by or may
be hereafter obtained by said City of Nashua in connection with
said proposed imprevement,

Be it further resolved that the sald City of Nashua, New !
Hesmpshire, Will hold.and save the United States, its officers and
employees, free from all claims for damages and from all 1iabili.
tlies due to the construction work and upon completion of the Pro=
posed flood control works the City of Nashus will accept the same
and will maintain and operate them without oxgmlo to the United
States i{n accordance wi regulations prescribed by the Secretary

of war, '
IN THR BOARD OF ALDERMEN
Pirst Reading May 9, 1044
8econd Reading June 13, 1944
Passed June 13, 1944
Attesty Irerwe D. Ravenelle
C Clerk
-BRdward R, Benoit
President .
Approved Bugene H. Lemy
June 18, 1944 Mayor

. . - |
The foregoing i® & true copy Re on thereon. !
Attent; R g Irene %nnono . ™

]
City Clerk,

Nashus, N, H, Juns 16, 1944
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